Pneumocystis carinii (PC) pneumonia is a frequent manifestation of the acquired immunodeficiency syndrome (AIDS) in humans and macaques. An unusual nodular type of PC pneumonia was observed in two simian immunodeficiency virus (SIV)-inoculated rhesus macaques (Macaca mulatta). These animals developed clinical signs of simian AIDS, including anorexia, weight loss, dyspnea, and collapse. Grossly, both animals had multifocal tan-white nodules 1-10 mm in diameter scattered throughout the lungs. One animal had similar nodules involving the diaphragm and thoracic wall. The lungs were characterized by severe PC pneumonia with numerous large nodules consisting of foamy material that compressed adjacent tissue. The nodules had central areas of necrosis and lysis of alveolar septa. Varying degrees of necrotizing vasculitis were observed in areas of nodular PC pneumonia. The presence of PC in intra-alveolar spaces and nodular lesions was confirmed by immunohistochemistry. No evidence of other agents, including viral inclusions, bacteria, fungi, and lung mites, was detected. The animal with the most severe nodular PC pneumonia had vascular involvement with extrapulmonary spread to the diaphragm, thoracic wall, and regional lymph nodes. This unusual type of nodular PC pneumonia has been rarely seen in human AIDS patients.
Pneumocystis carinii (PC) pneumonia is one of the most common opportunistic infections in AIDS patients and has been characterized by a high mortality rate. 10, 11, 16 Its clinical and pathologic features have been well documented. 5, 6 Although PC pneumonia in AIDS patients is characterized by eosinophilic foamy ''exudate,'' which fills and expands alveolar spaces, unusual manifestations including cavitary, granulomatous, or nodular PC pneumonia have been reported. 3, 9, 13, 18, 19 PC pneumonia also is observed frequently in simian immunodeficiency virus (SIV)-infected rhesus monkeys (Macaca mulatta); however, there have been no reports of unusual manifestations of PC pneumonia in macaques with AIDS. 1, 2, 8, 10, 14, 17 Here, we report two cases of unusual PC pneumonia characterized by multifocal nodular lesions.
A 5-year-old male rhesus macaque (No. 1) was infected with SIVmac251, a pathogenic uncloned strain of SIV, by penile inoculation. Seventy-nine days postinoculation, the animal showed severe progressive dyspnea, anorexia, and weight loss and was treated with sulfa-trimethoprim for suspected PC pneumonia for 1 week. At 88 days, the animal was euthanized because of poor health. Another 5-year-old male rhesus macaque (No. 2) was inoculated intracranially with SIVmac239, a pathogenic clone of SIV. Approximately 2.5 years after inoculation, the animal developed dyspnea, anorexia, diarrhea, generalized wasting, and weight loss and was found dead at a morning health check. These macaques were born and raised at the New England Regional Primate Research Center (NERPRC) and later individually housed in high-energy particulate-air-filtered (HEPA) stainless steel cages in an approved biosafety level 3 animal facility. Room temperature was maintained at 20-24 C, with a relative humidity of 40-70% with 12-15 changes of 100% fresh air per hour and a 12-hour light/dark cycle. The diet consisted of a commercial chow (Old World Monkey Chow 5045, Purina, St. Louis, MO) supplemented with fresh fruit once daily, and water was provided ad libitum.
Grossly, macaque No. 1 showed moderate emaciation, marked generalized lymphadenopathy, marked splenomega-ly, dense femoral bone marrow, and adhesion of the right lung to the thoracic wall. All lung lobes were thick, firm, and atelectatic and had multifocal to coalescing well-circumscribed tan-white nodules, 1-5 mm in diameter, scattered throughout the lungs, particularly in the left caudal and right cranial lobes (Fig. 1 ). The nodules were ovoid and moderately firm and were slightly raised from the pleural surface. Macaque No. 2 showed severe emaciation, marked depletion of the peripheral and mesenteric lymph nodes, moderate splenomegaly, and distended small and large intestines with a fetid liquid digesta. Numerous pale tan-white 1-10-mm coalescing nodules were scattered throughout the lungs. Nodules were more defined and extensive than those in macaque No. 1, bulged from the pleural surface, and involved approximately 70% of the pulmonary parenchyma ( Fig. 2 ). Multiple similar nodules were also implanted on the diaphragm and thoracic parietal pleura.
Organs and tissues were collected and fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE). Selected sections were stained with periodic acid-Schiff (PAS), Gömöri's methenamine silver (GMS), Warthin-Starry, and acidfast stains. Immunohistochemistry was performed using the avidin-biotin-horseradish peroxidase complex (ABC) method with primary monoclonal antibodies against PC (Dako, Carpinteria, CA). In situ hybridization for SIV or cytomegalovirus (CMV) was performed as previously described 7, 15 using DNA probes (SIV probe: Dr. R. Desrosiers and D. Regier, NERPRC; 12 CMV probe: Dr. P. Barry, University of California, Davis, CA) labeled with digoxigenin by random priming (Boehringer Mannheim, Indianapolis, IN).
Histopathologic examination revealed alveolar spaces filled with various amounts of a pale eosinophilic foamy material, which often fused and formed characteristic nodules by necrosis and lysis of alveolar septa in the center (Figs. 3, 4 ). The material contained multiple 1-m-diameter weakly stained basophilic bodies that were admixed with variable numbers of foamy macrophages, scant numbers of lymphocytes and plasma cells, and desquamated epithelial cells. The margins of nodules were well demarcated, with larger nodules encapsulated within thin layers of fibrous tissue compressing surrounding parenchyma and often protruding from the pleural surface. Inflammatory reaction to PC was mild and consisted of scattered aggregates of lymphocytes, plasma cells, and macrophages within adjacent atelectatic pulmonary parenchyma. Nodular lesions were more extensive in macaque No. 2, in which approximately 70-80% of the parenchyma was replaced by nodules ( Fig. 4) . However, a more intense inflammatory cell infiltrate in the alveolar septa and in perivascular and peribronchial areas was noted in macaque No. 1. Pulmonary vessels in nodular areas in both animals had variable degrees of necrotizing vasculitis characterized by infiltration of lymphocytes, plasma cells, and occasional neutrophils (Fig. 5) . In macaque No. 2, PC infiltrates were circumferentially arranged around vessels, with invasion and disruption of the vascular wall and rupture into lumina. Macaque No. 1 had multiple foci of type II pneumocyte hyperplasia around nodules, various amounts of neutrophil and lymphocyte infiltration, and multifocal necrosis in the alveolar septa. The pleura was moderately thickened and necrotic with infiltration of lymphocytes. In macaque No. 2, the intervening alveoli were markedly compressed with mild type II pneumocyte hyperplasia. The regional lymph nodes (tracheobronchial nodes), thoracic wall, and diaphragm (Fig. 4, inset) had nodular lesions that consisted of eosinophilic foamy material firmly attached to the parietal pleura; however, inflammation was minimal. Purulent exudate in the tracheal lumen of macaque No. 2 was accompanied by squamous metaplasia and multifocal neutrophil infiltration within tracheal glands. Numerous 1-2-m oval basophilic organisms compatible with Cryptosporidium parvum were on the surface of the tracheal epithelium.
No viral inclusions, bacteria, fungi, or lung mites (Pneumonysus spp.) were detected by HE, PAS, Warthin-Starry, and acid-fast stains in the lung. The lungs from both animals were negative by in situ hybridization for SIV and CMV.
In other organs, macaque No. 1 had marked lymphoid follicular hyperplasia with prominent germinal centers in the spleen and lymph nodes, marked hyperplasia of femoral bone marrow, and villus blunting of the small intestine with diffuse infiltration of lymphocytes, plasma cells, and macrophages in the lamina propria. Macaque No. 2 had marked generalized lymphoid depletion of the spleen and lymph nodes and trichomonad and Cryptosporidium infection in the small intestine, with villus blunting and lymphocyte and plasma cell infiltration throughout the intestinal mucosa.
Immunohistochemically, a positive reaction for PC was observed in nodular areas and within intra-alveolar foamy contents in both animals (Fig. 6 ). In macaque No. 2, the eosinophilic granular material in the intima, wall of pulmonary vessels, thoracic wall, diaphragm, and regional lymph nodes ( Fig. 6 , inset) was positive for PC antigen. PC antigen was also detected within macrophages in regional lymph nodes. Pneumocystis cysts were also identified with a GMS stain in pulmonary nodular lesions in both animals ( Fig. 3 , inset) and in extrapulmonary nodules in macaque No. 2.
Death in both animals was considered due to severe, progressive PC pneumonia as a result of SIV-induced AIDS. In addition to PC pneumonia, other lesions characteristic of simian AIDS included alterations of lymphoid architecture, other opportunistic infections, hyperplastic bone marrow, and villus blunting of small intestine. 2, 8, 14 Typical PC infection consists of foamy eosinophilic intraalveolar material separated from the alveolar wall by a small space with preservation of the alveolar septa, although the septa may contain varying amounts of mononuclear cell infiltrate. 1, 6, 8, 10, 11, [15] [16] [17] [18] [19] As infection becomes more severe, alveolar filling by PC tends to form bridges. 17 Unlike usual PC pneumonia in SIV-infected macaques, these macaques had multiple demarcated nodules consisting of large aggregates of PC organisms and necrosis of central alveolar septa. While each animal had nodular PC pneumonia, the differences in the severity of the lesions probably were a result of the length of time each animal had had AIDS and how long each had had the PC infection. Nodular PC pneumonia very similar to that observed in these macaques has been reported in human AIDS patients, 18 where these nodular lesions consist of abundant PC organisms replacing necrotic lung tissue. The pathogenesis of nodular PC pneumonia is uncertain in humans, but necrotizing vasculitis might be an important factor. 9, 13, 18 Similarly, both macaques had some degree of necrotizing vasculitis, and agents other than PC could not be detected.
There have been few reports of extrapulmonary pneumocystosis in animals, including nonhuman primates, 8, 14 although this condition is common and may occur in a variety of sites in human AIDS patients. 4, 6, 18 Macaque No. 2 had extrapulmonary pneumocystosis in the parietal pleura, diaphragm, and regional lymph nodes that was thought to result from direct access from ruptured pulmonary nodules. However, this animal had severe PC pneumonia with vascular involvement and subsequent rupture into lumina, which suggests the possibility of wide dissemination by hematogenous spread.
Further study is needed to clarify the pathogenesis of nodular PC pneumonia and extraplumonary PC pneumonia in simian and human AIDS patients.
